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@ Tissue-preferential promoters. 



\ DNA sequences are able to function as promoters of tissue-preferential transcription of associated 
DNA sequences in plants, particuiariy in the roots. These DNA sequences can be used m transformation 
vectors to produce transgenic plants which wfll express the heterologous genes preferentiaUy In tissue, 
partteularly in the roots of maize plants.. 
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Field of the Inventton 

This invention relates to novel DN A sequences which function as promoters of tissu -preferential transcrip- 
tion of as sodated DMA sequences. More specifically, this invention relates to novel promoters which direct 
the transcription of assodaled DNA sequences preferentially in roots, stems and leaves of a plant, most pref- 
erably in the roots of maize plants. 

Baclcground of the invention 

Transcrfpfion of many plant genes Is controlled In a temporal and spatial manner. The regulation of gene 
activity is mediated by the interaction of trans acting factors and cIs regulatory elements In the promoter region 
of a gene. Recent work has elucidated the working of light-regulated genes in plants as well as organ-specific 
expression and developmentally controUed abundant gene products such as seed storage proteins. Benfey et 
al.. Science 244: 174-181 (1989). For example. Baker etal., Proc. Nati. Acad. Ssi. (USA^ 85: 458^2 (1988) 
have transformed a gene encoding a major seed storage protein firom soybean into tobacco and have shown 
the protein to be expressed in the propertemporal and developmental patterns. Ruhr eta!.. Science232: 1106- 
1112 (1986) showed a 5'-fragment from a pea rbcS gene to be responsible for leaf-specrfidty as well as light 
response In that gene. 

Colot et al., EMBO 6:3559-3563 (1987) described promoter sequences from wheat endospenm protein 
genes that direct a tissue-specific expression pattern in transgenic tobacco similar to that seen in wheat 

It has been suggested that promoters may contain several active sub-elements, or domains, that confer 
some differential expression properties. For example, much work has been done witfi the cauliflower mosaic 
vims (CalWIV) promoter 35S. l-am et al.. The Plant Ceil. 1: 1 147-1 156 (1989) have shown tiiat the CaMV 35S 
promoter consists of at least two domains; Domain A confers preferential expression in roots; Domain B confers 
preferential expression In leaf. When Domain A was added to the pea rb^3A promoter, which is a green tissue 
specific promoter, tfie resulting construct promoted expression in roots, in seeds, expression from domain A 
was detected in the radide of the embryo and expression from domain B was detected primarily in the cotyle- 
dons. 1^ et al., Proc. Nafl. Acad. Ssi. USA. 86: 7890-7894 (1989) found tiiat the ASF-1 binding site of the 
CaMV 358 promoter is required for high expression of tiie 358 promoter In flie root Inducible gene activity has 
been studied in various systems and promoter analysis has Wentified regions involved in tiie inducible control 
of gene activity in these systems. One example of a dass of Inducible genes is the animal metallothionein pro- 
lain genes. Expression of mammalian metallothionein protein genes are induced by the presence of elevated 
concentrations of trace metals, hormones and stress. Palmiter, Metallothionein li. 63-80 (ed. Kagi et al. 
Bikhauser, Veriag, Basel 1987). It is also known that various plant genes are inducible by chemical regulators. 
For example, the production of chitinase is induced by ethylene. Boiler et al.. Plante, 157:22-31 (1983). 

Despite their important role in plant development, relatively littie work has been done on the regulation of 
gene expression in roots. Yamamoto, a Tobacco Root-Specific Gene : Characterization and Regulation of its 
Transcription, (Thesis North Carolina State University Genetics Department, 1989). reported the isolation of 
genes that are expressed at high levels in tobacco roots and undetectable levels In tobacco leaves. 5'flanking 
regions from one such gene were fused to a reporter gene. Root specific expression of the lusfon genes was 
analyzed In transgenic tobacco. Yamamoto further characterized one of those genes, the TobRB7-5A gene. 
Including the promoter region. Yamamoto theorized tiiat the gene may contain generalized transcriptional 
enhancera, or additional root-specific elements. 

Summary of the invention 

It is one object of ttie presentinvention to provide tissue-preferential and particulariy. root-preferential prom- 
otera to drive the expression of genes in greater abundance In plant roots than in otiier tissue of ttie plant 

It is another object of the present invention to provide vectors fbr tissue-preferential, and particulariy. for 
root-preferential heterologous expression of genes in plants. 

It is a further object of the present invention to provide transgenic plants which will express ttie heterologous 
genes In greater abundance in tiie roots, leaves, stems or other tissue of a plant, particulariy in greater abund- 
ance in the roots than in the seed. 

It is one feature of til pres nt Invention ttiat recombinant genetic ngin ering Is utaized to provide prom- 
otera, vectora and transgenic plants ttiat will drive the preferential expression f associated DNAin pianttissu . 

Itlsanotherfeatureofthepresentinv nti n ttiat promoters of metallothi n in-like genes are provided whtoh 
promote ttie preferential expr ssion of associated DNA In plant tissue. 

It is another advantage of the present invention that DNA sequences, promoters and vectora are provided 
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thatwQI drive the xpressionofassociat d genes in greater abundance In roots, leaves or st ms than In seed. 

It Is another advantage of the pres nt Invention that transgenic plants ar obtained in which heterologous 
genes may be expressed preferentially In roots, leaves or stems. According to the present invention, a DisIA 
sequence is provided for tissue preferential transaiptlon of DMA. The present Invention relates to promoters 

5 of metallothloneln-like proteins which are able to function as tissue-specific promoters which will drive the tran- 
scription of associated DMA sequences preferentially in tissue, such as roots, such that expression of the 
associated DNA sequences Is greater in the roots than in other tissues of the plant, partlculariy the seed of the 
plant Thus, a protein product of the associated DNA sequences may be produced in greater amounts in the 
roots or other preferential tissue than In the seed of the plant 

10 As used In the present application, the tenms "root-preferential promoter," "root-preferential expression," 
"tissue-preferential expression" and "preferential expression" are used to Indicate that a given DNA sequence 
will direct a higher level of transcription of associated DNA sequences, or of expression of the product of the 
associated gene as Indicated by any conventional RNA, DNA or protein assay, or that a given DNA sequence 
wDi demonstrate some differential effect; i.e., that the transcription of the associated DNA sequences or the 

1$ expression of a gene product Is greater in some tissue, for example, the roots of a plant, than In some or all 
other tissues of the plant, for example, the seed. "Root-preferential expression" is used to indicate a higher 
level of transcription of associated DNA sequences or of expression of the product of an associated gene in 
the root than in some or ail other tissue of the plant 

As used in the present application, the tenn "substantial sequence homology" is used to indicate that a 

20 nucleotide sequence (in the case of DNA or RNA) or an amino acid sequence Qn the case of a protein or 
polypeptide) exhibits substantial functional or structural equivalence with another nucleotide or amino acid 
sequence. Any functional or structural differences between sequences having substantial sequence homology 
will be de minimis; that Is they will not affect the ability of the sequence to function as indicated in the present 
application. For example, a sequence which has substantial sequence homology with a DNA sequence dis- 

25 closed to be a root-preferential promoter will be able to direct the root-preferential expressjon of an associated 
DNA sequence. Sequences that have substantial sequence homology with the sequences disclosed herein are 
usually variants of the disclosed sequence, such as mutations, but may also be synthetic sequences. Structural 
differences are considered de minimis if there is a significant amount of sequence overiap or similarity between 
two or more different sequences or if the different sequences ^ibit similar physical characteristics. Such 

30 characteristics can include, for example, immunological reactivity, enzyme activity, structural protein Integrity, 
eta 

Two nucleotide sequences may have substantial sequence homology If the sequences have at least 70 
percent more preferably 80 percent and most preferably 90 percent seqence similarity between them. Two 
amino acid sequences have substantial sequence homology if they have at least 50 percent, preferably 70 per- 

35 cent, and most preferably 90 percent similarity between the active portions of the polypeptides. 

In the case of promoter DNA sequences, "substantial sequence homology" also refers to those fragments 
of a promoter DNA sequence that are able to operate to promote the expression of associated DNA sequences. 
Such operable fragments of a promoter DNA sequence may be derived from the promoter DNA sequence, for 
example, by cleaving the promoter DNA sequence using restriction enzymes, synthesizing In accordance with 

40 the sequence of the promoter DNA sequence, or may be obtained through the use of PGR technology. Mullis 
et at, Meth, Enzvmoi.. 155:335-350 (1987); Eriich (ed.), PGR Technology. Stockton Press (New Yoric 1989). 

A promoter DNA sequence is said to be "operably linked" to a second DNA sequence If the two are situated 
such that the promoter DNA sequence influences the transcription or translation of the second DNA sequence. 
For example, if the second DNA sequence codes for the production of a protein, the promoter DNA sequence 

45 would be operably linked to the second DNA sequence if the pronrK>ter DNA sequence affects the expression 
of the protein product from the second DNA sequence. For example, in a DNA sequence comprising a promoter 
DNA sequence physically attached to a coding DNA sequence in the same chimeric construct, the two sequ- 
ences are likely to be operably linked. 

As used herein, the tenms "metallothtoneln-IBce" and "MT-IIke" refer to DNA sequences or amino acid sequ- 

50 ences having sufficient sequence homology to the amino ackJ sequence of a metallothionein protein or the DNA 
sequence of a gene coding for a metallothk>nein protein, but whose expression has not been confirmed to be 
inducible by metals or has not been shown to bind metal ions. 

Brief Des ription of the Drawings 

55 

Figure 1; Restriction maps f tiie tissue preferential cDNAs 

Clon A (pCIB 1325) was isolated from Inbred G450; clones 11 , 7, Y, 39, 2 and 13 from inbred 21 1 D. The 
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V rtical dash lin indicates the p sitionofthePstlsite. 

Figure 2; Level of tissue pr ferential mRNA In different parts f the maize plant 

5 1 0 and 1 of root (R), seed (S), leaf (L) and pith (P) total RNA were subjected to electrophoresis on 
a 1.2 % denaturing formaldehyde agarose gel. The RNA was blotted onto nitrocellulose and probed with nick- 
translated pClB 1325 cDNA insert Lanes 1 and 2 were loaded with 200 pg and 20 pg, respecth^ely, of cDNA 
insert to allow quantitation of the mRNA detected in the different tissues. 

10 Figure 3; Restriction map of genomic subclone pCIB1324 

The arrow indicates the location of the tissue- preferential gene, as well as its 5' to 3' orientation in genomic 
subdone Rt-H7 (pCIB1d24). Also shown is the Eco Ri - Pvu II DNA fragment (labelled SI) used for the Mung 
Bean nuclease mapping experiment (see Figure 6 for details). The symbols gWen in this figunB have the fbl- 
f5 lowing meanings: HN = HINDIII. EC = ECORI. PV PVUII. PS * PSTI and BA = BAMHI. 

Figure 4; Genomic Southern analysis of the tissue-preferential DNA sequence in inbred maize line 
211D 

20 5 ^g Of maize inbred 21 ID genomic DNA digested with Eco Rl (E), BamHI (B), Hind ill (H), Pst I (P) or Pvu 
II (Pv) were subjected to electrophoresis on a 0.7 % agarose gel and the DNA was blotted onto nitrocellulose. 
pCIB 1325 cDNA was nlclc-translated and used as a probe, i-ambda DNA digested with l-iind ill was used as 
molecular weight marker In lane 1. 

25 Figure 5; Comparison of the tissue-preferential cDNA and genomic done DNA sequences 

Figure 5 shows the sequence of the tissue-preferential cDNA isolated from maize inbred line 21 ID (top 
sequence) and of the genomic clone (bottom sequence). Only part of the Intron sequence is shown in this figure. 
The complete intron sequence is shown in Figure 9. The start of translation is boxed and topped with an arrow. 

30 

Figure 6: Mung Bean nuclease mapping and primer extension 

Panel A: 60 |ig of total root RNA were mixed with 20.000 cpm of end-labeled EcoRI-Pvu 11 genomic sub- 
clone (fragment SI shown on figure 3). After annealing at SS^'C for 4 hours, 1 or 10 Units of Mung Bean 
35 nuclease (MB) were added and digestion was carried out at 37**Cfor 1 hour. The protected DNA fragments 
were then &(tracted with phenol:chloroform, precipitated and run on a 6 % sequencing gel with end-labeled 
molecular weight marlcers (pBR322 digested with hlpa II). (lane MW). The arrows indicate the positions of 
the protected fragments. 

Panel B: 30 ^g of root total RNA were annealed for 4 hours with 0.01 pmole of 32f*-labeled primer. The 
40 primer used is underlined in the panel C sequence. Reverse-transcriptase was then added and primer 
extension was carried out at 37''C for 1 hour. The extended fragments were extracted with 
phenol:chlorofonn, precipitated and run on a 6 % sequencing gel (lane 5). A sequencing reaction of the 
genomic subclone EcoRI-Pvull primed with the Idnased oligonucleotide primer used for the primer exten- 
sion reaction was am on the same gel (lanes G, A, T and C) to detenmlne precisely with whidi base(s) the 
4S extended fragment(s) comigrate. The anrows point to four transcription start sites. 

Panel C: Sequence of the EcolV-Pvull genomic subclone region covering the TATA tioXf the starts 
of transcription and the translational start of the tissue-preferential gene: 
The sequence of the oligonucleotide used for primer extension is underiined. The anrows point to the ends 
of the protected fragments obtained after Mung-Bean nuclease mapping. The four transcription start sites 
50 detennined by primer extension are topped with a plus (*) sign. The TATA box at position 67 and the trans- 
lational stari: site at position 173 are boxed. 

Figure 7: Amino^icld comparison of the predicted product of the tissue-preferential gene product 
and a numb rofoth r metallothionelns 

55 

Panel A: Alignment of the tissue-preferential gene product with that of the pea metaDothionein report d 
by Evans etal.Th vertical lines indicate matching amin acids. 

Panel B: Alignment of the amino terminus domain containing the Cys-X-Cys motifs with that f other dass 
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I metallothlonein proteins. 

Pan IC:Alignm nt fth carboxy terminus domain containing the Cys-X-Cysm tifswiththatofotherclass 
I metallothlonein proteins. 

Rgure 8; Restriction map of the maize metallothioneln-like gene 5' upstream region 

This figure shows a restriction map of the 2.5 kb fragment of the metallothloneln-like gene 5' flanking sequ- 
ence. This fragment was fused to the GUS bacterial reporter gene after insertion of a Bam HI site at the ATG 
via PGR mutagenesis. The ATG start of translation Is identified by a box. The symbols given in this figure have 
the following meanings: HN = HINDIll, HP = HPAI, NA = NARI. BS « BSTEII, NE = NAEl. EC = ECORI. NC = 
NCOIandPV«PVUII. 

Figure 9; Nucleotide sequence of tissue-preferential promoter 

This figure shows the nucleotide sequence of the MT-IIke gene, including 2.5 kb of 5' flanking sequence. 
The TATA box Is found at bases 2459 to 2465 (underlined and In bold). The ATG oodon representing the start 
of translation Is found at bases 2565 to 2567. The Intron extends firom base 2616 through 2792. The TGA stop 
codon is found at bases 2969 to 2971. 

FigurelO: Site-specific mutagenesis via PGR resulting in insertion of a BamHI site at the start of 
translation 

The drawing on the top left shows the 3' end of the Hind lll-Pvull promoter fragment Undemeath it is the 
sequence at the ATG where a BamHI site was inserted as follows: a 96 bp Ncol-BamHI fragment (top right of 
figure) was synthesized using polymerase chain reaction (PGR) technology (See Mullls et al, Meth. Enzvmol.. 
155:335-350 (1987); Eriich (Ed.). PGR Technology, Stockton Press (New York 1989)), to copy the'tlssue-prefe- 
rential promoter sequence from a unique Ncol site (upstream of the ATG shown in Figure 8) to the ATG. One 
of the PGR primers was mutagenic in that the ATG was replaced with a BamHI site (shown in the middle of 
the figure). This Ncol-BamHI cassette was then cloned back into the tissue- preferential promoter done firom 
which the original Ncol-Pvuii fragment had been deleted. 

Figure 11: Map of tlie binary vector pCIB1318 

The Hind lil-ATG fragment shown in Figure 8. which contains 2-€ kb of 5' flanking sequence of the MT-like 
gene, was ligated into pBI101 (Bevans, NAR, 12:8711-8721 (1984)) digested with HIndlll and BamHI. In front 
of the GUS gene- pBHOI contains kanamycin resistance genes which allow selection of both bacterial and plant 
cells. RB and LB stand for T-DNA right border and left border, respectively. 



Detailed Description of tiie Invention 

The present invention relates to promoter DNA sequences which show tissue-preferential transcription of 
associated DNA sequences, such that the mRNA transcribed or protein encoded by the associated DNA sequ- 
ence is produced In greater abundance In some planttissue than in other tissue. The promoter DNA sequences 
of the present invention preferably direct tissue-preferential transcription in the roots, leaves and stems of a 
plant The promoter DNA sequences most preferably direct tissue-preferential transcription in the roots of the 
plant It Is also preferred that the promoter DNA not direct tissue-preferential transcriptfon in the seed of the 
plant Thus, according to the present invention, there is provided a method of directing tissue-preferential tran- 
scription of DNA such that the DNA is transcribed In greater abundance in the roots, leaves and stems of a 
plant tiian in the seed of the plant 

Using differential hybridization, a cDNA which is very abundant in the roots of maize (inbred 21 ID) but is 
far less detectable In the kernels was doned. Northern analysis showed that this mRNA is most abundant in 
roots, less abundant in green leaves and pith, with littie detectable message in seed. Thus, it was detennined 
that this mRNA is transcribed from a tissue-preferential DNA sequence. This mRNA Is a little over 600 nuc- 
leotides in length. Six cDNAs were isolated from the roots of maize inbred 21 ID and one finom maize Inbr d 
G450. Only the latter, done A (pCIB1325). has a pdy A tail, even though two of the 21 ID clones ar longer 
on their 3' ends. This indicates that polyadenylatlon likely occurs at different sites in both inbreds. Such impre- 
dsion in choice of polyadenylatton sites has been seen with other transcr^ts. Messing et at. Genetic Enoineer- 
hifl of Plants. Plenum Press (Kossag et al. { ds.), N w Yoric 1983). The tissue-preferential cDNA was used 
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ridizedtothecONAwei9Subcloned.Mappingshow8thattheyareid nbcal.AIISDCcDNAsis latedfromma^ 
SSand n genomic don (pC.B1324) were sequenoed and found to be 100 % homologous (F«u«^^^^ 
Genomic southern analysis (Figure 4) reveals the existenc ofothersequ nc8sthatcn«s*ybnd«e wthth 
cONAs isolated, although apparently not with 100 %homdogy. . . 

Mung Bean nudease mapping and primer extension gave consistent results In the mapping of the ta^ 
scriptiotistartsitesof the tlssu^prefeiBntial gene. There arefour potential starts.tes(shownmF.gure 6^^ 

C?m1«^^ ^to identay a SutafivB TATA box. located at about ^1 to -36. depending on the ^art srte 
2nsideredandthef«stATGstar.oft,ansla«onatposHion173(ngu«^^^ 

polyadenylation signal is found in any of the 211D cDNAs. Even though done A(paB1325) hasa poly AteU. 
no poly A Signal resembling the consensus sequence (AATAAA) In the 200 base pairs preceding 

mnslatlon of the open reading ftame predicts a rather small protein of about 8100 <'^tons in molecular 
weight This leaves a 350 nt 3' untranslated region. Such long 3' untranslated regwns are rare J ho"gh not 
r^S^entedln plant genes. Hawkins. NAR. 16:9893 ^^^^^l^'-^^^l^J^f^.f^'^^^ 
the amino^lds cysteine, serine, alanine and glycine, whidi represent 16 %. 13 %. 13 % and 12 ^ of the 

'™'^I?8^'^^i 'encoded by the tissue-preferential gene was Identified as a metaliothionein-Iike (MT-lik^ 
proJina^e^tSlnparisonwiththeUmetallom^^^^^^ 

Sata). The promoter of the maize MT-like gene was mapped and sequenced up to '^J^^^^^ 
stait of treiation. 2.5 kb of 5' flanking sequence of the maize MT-Iike gene was ftised to fte bacten^ report^ 
gene ^glucurenldase (GUS). and transfom»d into tobacco via Agrobaoterium binary vectors. The GUS gene 
drivenbyonesudipiomoterconstnictwasfbundtobeexpressedlntransgenictobacco. . 

AS iilustreted in the examples below, the DNA sequences, vectare and P'«"^ 
inventton comprise a tissue-preferential promoter obtainable frem a maize plarit. p^ 
promoterDNAsequence.Thetissue-preferentialpromoterDNAsequenceisobta.nablef™mam^^ 
iWne. preferentially a maize metallothionein^ike gene. The tissue-preferential promoter DMA sequent to 
obt^aSe STa plant preferentially tiom a maize plant and more preferentially from a '"^red 
Lch as Funk line 211D. Maize Inbred lines whid, may be "^Mlnje present 1^^^^ but arenot 

limitedtothefdlowing lines and theirderivatives:Funk211D.Funk5N984.Funk5N9M.F^^^^ 

FJnk2N217A. 873. ^632. CM105. B37. B84. B14, Mo17. R168, MS71. A188. FA9 . A641 smd W117 

The tissulpreferentlal promoter DNA sequences are preferably linked opetably to a «>d.ng DNA sequ- 
enceXexampIeaDNAs^ence which is transcribed into RNA or whichbulbmately expressed In 

Srof a ^otein product However, the tissue^)referential promoter DNA sequences are useful by 

themselves, for example, for use in anti-«ense applications. . ^i, ^ ^ 

^tis^ue^.refere^tialpromoterDNAsequencesofthepresentinventionprefera^^^^^ 

tional fragment of the DNA sequence of Figure 9. The presentinvention also .ndudesfund«^^ 
tissue, iferential promoter DNA sequences that are able to direct the 

associated DNA sequences. The present invention also indudes DNA sequences having substanbal s«iuence 
;S^St^1h*eLue- preferential sequences, such that they area^ 

scription of associated DNA sequences. u^*^r^i^rt, ,e r^r 

The DNA sequence assodated with the regulatory or promoter DNA sequence may be ™J^ou8 o^ 
homologous. In either case, franscriptton of the assodated DNA sequence will be directed so that the mRNA 
S3edortheproteln encoded by the associated DNAsequenceisexpressedlngreaterabundance in som 

?arJ2ue.lch as therootleavJorstem. than in theseed.Thus. the assodated DNA^^^^^ 

S^e f<^ a protein that is desired to be expressed in a plant only in some tissue, such as the ™ote^ 

7^ and not in the seed. Sud, proteins indude. for example, insect selecth,e toxins as polypepBd^ 

S^BadllusMrinfliensii,whicharepostulatedtogenerate^^^ 

^et?iiShrfiihS^924:509^18{1987).Theassoc-a^ 

teLs^oShiblii^^antpathogenssuchas 

fbrexample.magainin8,Zasioff.P!mUSA84:5449-5453 (1987): cecropins.Hulbnaiketal. iyB:^g^ 
127 SSif (1982): at^cins. Hultmaric et al.. EMBO J. 2:571-576 (1983); S^^^'f'^S.Kateuetal 
S.M^939:57.63(1988):sodiumd«nnelproteinsandsi^^^^^^ 

USA 85:2393-2397 (1988): the alpha toxin of st^phyl coccus aureus. Tobkes et al. Bioohein, 24.191 5-1 920 
^)^^prote ins and fragments thereof. KnoJ et al.. Science 230:37 (1985): ^f^J^^^f^ 

107:7087(1985): alamethlcinandavariety of synthetic a^^^^^ 
p^Rinnhvs Bfaphvs.Chem. 16:561-581 ( 1987); and lectina. Us etal.. Ann.Rev.BKachem,5S. 35-68 (1986). 
TlTe re^ mbSoNAve ctoreofth ^entlm, ntion are those vectore that contain sequences of DNA 
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that are required for the transcription of d ned copies of genes and for the translation of their mRNAs in a host, 
such as E. colL Suitable xpression vectors Include lambda gt11. pUC8, pUC9, pWR590, pWR590>1, and 
PWR590-2. Prefenred vectors are three expression vectors pWR590, pWR590-1 and pWR590-2, which are des- 
cribed in Guo et al., Gene 29:251-254 (1984). In these vectors, foreign DNA can be inserted into a polyiinl^er 

5 region such that these exogenous sequences can be translated by E. coll cells into a fusion protein, the first 
590 amino acids of which are supplied by a truncated coji b-galactosidase gene in all three possible trans- 
lational reading frames. Suitable cells for transformation of the expression piasmid include any strains that allow 
its replication and translation. Examples Include Ecoli strains HB101, JM101 and SF8. The present invention 
also includes transgenic plants which preferably comprise a tissue-preferential promoter DNA sequence iso- 

10 lated from a maize plant, preferably a maize inbred plant, such as Funk line 21 1 D. The transgenic plant is pref- 
erably a tobacco or a maize plant The transgenic plant may be homologous, that Is, the Inserted genes may 
be from the same species as the targeted recipient plant, or heterologous, that is, the inserted genes may be 
from a plant of a different species than the recipient plant 

All plants from which protoplasts can be isolated and cultured to give whole regenerated plants can be 

IS transformed by the present invention so that whole plants are recovered which contain the DNA coding sequ- 
ence. Some suitable plants include, for example, species from the genera Fragaria, totus. Medicago. 
Onobrychls, Trifolium, Trigonella, Vigna. Citrus, Linum. Geranium. Manicot Daucus, Arabidopsis . Brasslca . 
Raphanus. Sinapis, Atropa. Capsicum. Datura, Hyoscyamus, tvcopersicum. Nicotiana. Solanum, Petunia , 
Dactvlis. Malorana. Cichorlum . Heiianthus. tactuca, Bromus , Asparagus. Antirrhinum. Gossvpium, Hemerocal- 

20 lis. Nemesia. Pelargonium. Panicum, Pennisetum. Ranunculu. Senecio, Salplglossis. Cucumis. Browallia. 
Glycine, tolium. Zea. Triticum. Sorphum and Datura. 

There Is an increasing body of evidence that practically all plants can be regenerated from cultured cells 
or tissues, including but not limited to, all major cereal crop species, sugarcane, sugar beet, cotton, fruit and 
other trees, legumes and vegetables. 

25 The transgenic plants of tiie present invention may be transformed by any method of transfonfnation known 
In the art These methods include transfonnation by direct Infection or co-cultivation of plants, plant tissue or 
cells wth Agrobacterlum tumefaciens: Horsch et al.. Science, 225: 1229 (1 985); Marten, Cell Culture and Soma- 
tic Cell Genetic of Plants. 1:514-521 ( 1984); direct gene transfer into protoplasts; PaszkowskI et at, EMBO J, 
12:2717(1984); Loeiz et al.. Mol. Gen. & Genet 1 199:178 (1985): Fromm et al.. Nature 319:719 (1986); micro- 

30 projectile bombardment, Klein et al., Bio/Technologv. 6:559-563 (1 988); Injection into protoplasts cultured cells 
and tissues, Reich et al., Bio/Technologv. 4:1001-1004 ( 1986); or injection Into meristematic tissues of seedl- 
ings and plants as described by De 1^ Pena et al.. Nature. 325:274-276 (1987); Graves et al.. Plant Mol, Biol.. 
7:43-50 (1986); Hooykaas-Van Slogteren et al., Nature. 311 :763-764 (1984); Grimsley et al., Bio/Technologv. 
6:185 ( 1988); and Grimsley et al., Nature. 325:177 ( 1988). 

35 The DNA sequences, vectors and plants of tiie present Invention are useful for directing tissue-preferential 
mRNA and protein expression such that the mRNA is transcribed or the protein is expressed in greater abund- 
ance In some plant tissue, such as plant roots, leaves or stem, tiian in the seed. This is very important in con- 
trolling and directing the plant's ability to tolerate and withstand pathogens and herbivores that attack the roots, 
leaves or stem, for example, by locally syntfiesizing antipathogenic substances, while leaving the seed unaf- 

40 fected. 

The invention is Illustrated in more detail by the following examples, without implying any restriction to what 
is described therein. 

The present invention includes furthermore the following processes: 

(A) A process for the production of an plant expression vector containing a tissue-preferential promoter 
45 DNA oparably linked to a DNA expressible in plants which process comprises 

(a) Inserting said tissue-preferential promoter DNA In front of tiie DNA expressible in plants; and 

(b) splldng this construct in conrect reading frame Into a known plant expression vector which may con- 
tain one or more maricer genes suitable for transformant selection. 

(B) A process for the production of a transgenic plant capable of expressing a homologous or heterologous 
so gene in greater abundance in a well-defined tissue of the plant which process comprises 

transforming said plant plant tissue, pi ant cells or plant protoplasts thereof by a known transformation tech- 
nique which uses a recombinant DNA sequence comprising a tissue-preferential promoter DNA sequence 
obtainable firom a maize plant or a DNA sequence that is substantially homologous to said tissue-prefe- 
rential promoter DNA sequence and optionally regenerating the transformed plant firom saM transformed 
55 plant material, 

Prefeaed are those processes, wher in the transformation method is selected firom th group consisting 

of 

(a) direct Infection or co-cultivation of plants, plant tissue , plant cells or plant protoplasts with transfonmed 
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Agrobacterium tumefaciens capable of transferring a homologous or heterologous gene expressit)le in 
plants and operably linked to a tissue-preferential promoter DMA Into said plant material; 
(b) direct transfer of a DNA comprising homologous or heterologous gene expressible In plants and oper- 
ably linked to a tissue-preferential promoter DNA into plant protoplasts; 
5 (c) transfer of microprojectOes coated with a DNA comprising homologous or heterologous gene express- 
ible in plants and operably linked to a tissue-preferential promoter DNA via bombardement of plants, plant 
tissue , plant cells or plant protoplasts; 

(d) microinjection of a DNA comprising homotogous or heterologous gene expressible in plants and oper- 
ably linked to a tissue-preferential promoter DNA into plants, plant tissue . plant cells or plant protoplasts; 

10 and 

(e) injection of a DNA comprising homologous or heterologous gene expressible in plants and operably 
linked to a tissue-preferential promoter DNA into meristematic tissues of seedlings or of plants. 

tAare preferred are processes, wherein the tissue-preferential promoter DNA sequence is a root-preferen- 
tial promoter DNA sequence. 
15 A further preferred embodiment of the present invention is a process, wherein the tlssue-prefsrential pro- 
moter DNA sequence is obtainable from a metallothionein-like protein gene. 

To the nfwst prefenned processes belong those, wherein the tissue-specific promoter DNA sequence is 
obtainable from a maize inbred plant 

Preferred are also all processes, wherein the tissue-specific promoter DNA sequence is obtainable from 
20 the maize inbred line Funk 21 1 D. 

Further preferred embodiment of the present invention are processes, wherein the tissue-preferential pro- 
moter DNA sequence has substantial sequence homology to the DNA sequence of Figure 9. 

Further preferred embodiment of the present invention are processes, wherein the tissue-preferential pro- 
moter DNA sequence is obtainable from a naturally occuring DNA sequence encoding a melallothlonein-like 
25 proteinand especially, wherein the metallotiilonein-like protein is maize metallothionein. 

Further preferred embodiment of the present invention are those processes, wherein the resulting recom- 
binant DNA vector is PCIB1318 having the ATCC designation 40760. maize plant 

Most prefenred are all processes, wherein the transfbnmed plant is a tobacco or a maize plant 

30 Examples 

Example 1: Plant Material and Growth Conditions 

Maize plants (Zea mays Funk inbred 21 1D) were grown from seed in a vermiculite/sand mbcture In a 
35 greenhouse under a 1 8-hour ligh/8-hour dark light regime. 

Example 2; Total RKA and mRNA Isolation 

Total RNA was isolated from roots, seed, leaves and pith of 2 to 5 month old green house grown plants as 
40 described in Lahners et al.. Plant Physiol.. 88:741-746 (1988). Poly A+ RNA was purified from total RNA as 
described by Maniatis et ai.. Molecular Ctonino: A Laboratory Manual . Cold Spring Harbor Laboratory 
Press:NewYoric(1982). 

Example 3: Construction of Maize Root cDNA Libraries 

45 

Doubie-etranded cDNA was synthesized from maize (Funk lines G450 and 21 1 D) root poly A+ RNA accord- 
ing to the procedure of Okayama et al. Mot Cell Biol. 2:161 ( 1982). Two different libraries were made: 1) Eco 
Rl linkers (New England Biolabs) were added, and the cDNA was cloned Into lambda gtl 1 ; 2) after tailing the 
double-stranded cDNA with oligo-dG using polynucleotidyl-transferase, the tailed double-stranded cDNA was 
50 cloned into Psti cut oligo-dC tailed pUC9 (Pharmacia), annealed, and transformed into E.coli DHSa. 

Example 4: Isolation of a cDNA Abundant In Maize Roots and Rare in Seeds 

An amplified cDNA bank mad from maize inbred line G450 root poly A+ RNA cloned in phage vector 
65 lambda gtl 1 was replica plated onto nitrocellulose filters. These filters were differentially screened to identify 
plaques hybridizing to radloactlvely labeled first strand cDNAfirom root poly A+ RNA. but not to first strand cDNA 
from seed p ly A+ RNA. Sbc plaques (out of 5000 screened) were purified and th cDNA Inserts were subdoned 
Into pUC19. Nortiiern blots canylng total RNA from root and seed were probed with these dones to confmm 
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their tissue-specfficity. 

Only two clones show d high expression in root and very little detectable expression in seed. Th y turned 
ut to cross- hybridize, but s quencing revealed that th y were both chimeric cDNAs: s vera! cDNAs i^ated 
together into the same vector phage. Northern analysis was used to identify a small subclone of these chimeric 
5 cDNAs that exhibited the desired tissue preference (root versus seed). This small subclone was then used as 
a probe to screen other cDNA banks (from Funic lines G450 and 21 1 D) in pUC19. Seven cDNA clones, one 
from G450 (done A. pCIB1326) and sbc from 211D (clones Y. 2, 7 (pCIB1324), 11, 13 and 39) were purified 
and sequenced (see Figure 1). 

The cDNA clones from 211 D were of various lengths, ranging in size from approximately 244 bp to 
10 approximately 500 bp. pCIB1325 from G450 was the longest, approximately 600 bp long. Northem analysis 
(Figure 2) shows the differential expression of this mRNA in various parts of the maize plant. The mRNA is 
short, between approximately 600 nucleotides, the length of cDNA pCIB1325, and about 800 nucleotides (this 
mRIMA was found to be smaller than the mRNA for the small subunit of Rubisco mRNA - data not shown). This 
mRNA is quite abundant in root, less abundant in leaf and pith and a lot less abundant in seed. 

IS 

Example 5; DMA Isolation and Construction of Genomic Library 

Plasmid DNA was purified using standard procedures and recombinant lambda DNA was extracted from 
plate lysates as described in Manlatis (1982). Plant DNA was isolated from leaves using the method of Shure 
20 et aU Cejl 35:225-233 (1 983). This DNA was sent to Stratagene for construction of a genomic library. 

Sau3A partial digests of 21 1 D genomic DNA were cloned into the Bam HI site of Stratagene's Lambda Dash 
vector. Screening of the amplified library with pCIB1325 as a probe yielded numerous plaques, some hybridi- 
zing very strongly to the probe, others more weedy. Two of the sfrongly hybridizing clones were purified and 
mapped. Both carried a 4.2 kb Hind 111 fragment which hybridized to pCIB1325. Subdoning and mapping of 
25 both Hind III fragments showed that they were identical. Figure 3 shows the map of this subclone labeled Rt-H7 
(pClB1324). Fragments firom pCIB1324 were then subdoned for sequencing. 

Eacample 6; Mapping of Genomic Clones 

30 Recombinant genomic dones were mapped directly in lambda by measuring the sizes of partial restriction 
enzyme digests after hybridization to a vector probe (Kohara et aL, CeU, 50: 495-508 (1987)). 

Example 7: Southern and Northem Blots Hybridizations 

35 Southern and Northem blots were done with nifrocellulose filters as described in Manlatis (1982). Prehyb- 
ridizations were in 6X SSC, 50mM NaP04, 5X Denhardts, 0.1 mg/ml sheared denatured calf-ttiymus DNA and 
0.1% SDS at 68*C for 6 to 12 hours; hybridizations were done overnight at QS^O in the same buffer to which 
1 X 10» cpm/ml nick-translated DNA probe (about 1 x 10^ cpm/jig) was added. Washes were as described in 
Manlatis (1982). Genomic Soutiiem blots were hybridized and washed according to Klessig et al., RantMoiea 

40 Biol. Rptr.. 1:12-18 (1983). 

Example 8; Gene Copy Number 

In order to detemriine how many genes In tiie maize genome hybridize with the isolated maize MT-like gene, 
45 21 ID genomic DNA was digested witii Eco Rl, Bam HI, Hind III, Pst I and Pvu II. Soutiiem blotanaiysis of these 
DNAs using pClB1325 as a probe is shown in Figure 4. As can be seen, each digest shows one very intense 
band, and in some cases (Hind III, Pvull and Pst I) 1 or 2 additional, fainter bands. The nru^st intense bands 
can be assigned to tiie isolated genomic done. The fainter bands can be explained by assuming that tiiere is 
anotiier gene in the maize genome, which cross-hybridizes with tiie tissue-preferential gene, but Is not 100 % 
50 homologous to it This is consistent witiv tiie Isdation of two dasses of plaques during tiie screening of the 
genomic libraiy, some plaques hybridizing very Intensely to the cDNA probe, othere more weakly. 

Example 9: Sequencing of the lyiaize IXiT^nke cDNAs and Genomic Clones 

55 DNA was sequenced using the dideoxy chain-temnination method of Sanger t al. PNAS USA 74:5463- 
5467 (1977), using double-stranded plasmid DNA as a template. For part of tfie s quence, tiie chemical DNA 
sequendng technique of Maxam and Gilbert PNAS USA 74:560-564 (1977) was used. All DNA sequence 
analysis was carried out n a Digital Vax 8530 computer using the University of Wisconsin Computer Genetics 
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Groups ftware.The ligonudeotide primers w re synthesized on an Applied Biosystems Model 380ASynth- 
slzer. 

Sequencing of the six cDNAs isolated from 21 1 D d scribed in Rgure 1 w re all identical in the overlapping 
regions (data not shown). Figure 5 shows that the sequence of genomic done pCIB1324 is Identical to that of 
5 the cDNAs, except for a single 175 bp intron. Only pCIBI 325, isolated finom inbred G450, has a pdy A tail. The 
other six dones. from inbred 21 1 D, are truncated on their 3' end and do not have a poly A tail. cDNAs 2 and 
11 are 19 and 17 nudeotides longer, respectively, than pCIB1325 on their 3' end. Therefore, the exact length 
of the 21 1 D mRNA could not be detennlned. Differential polyadenyiation sites may be involved. Messing et al.. 
Genetic Engineering of Plants, pp. 211-227 (Kosuge et al.. eds., Plenum Press, New York 1983). 

10 

Example 10: Mung Bean Nuclease Mapping and Primer Extension 

The start of transcription of the tissue-preferential gene was mapped by the single-stranded nudease 
method developed by Beik et al. Cell. 12: 721 (1977) and primer extension. 

IS 60 (ig of root total RNA was mbced with 20,000 cpm of an end-labeled DNA restriction fragment, predpitated 
with ethanol and resuspended in 25 pi of hybridization buffer (40 mM PIPES pH6.4, 1mM EDTA, 0.4 M NaQ, 
80 % formamide). The mixtures were heated at 72^*0 for 1 5 minutes, then transferred to a 39^*0 water bath for 
4 hours. After annealing. 500 pl of ice cold Mung Bean nuclease buffer (SOmM NaOAc pH4.6. 50 mM NaCI, 1 
mM ZnCl2, 5% glycerol and 1 or 10 units of Mung Bean nuclease (Phannacia) was added and incubated at 

20 37''C for 60 min. The reaction was stopped by the addition of 50 ul of 5 M NH40Ac, 80 mM EDTA. 200 pgAnI 
tRNA and extracted once with phenol :chIorofonm. The DNIA/RNA hybrid was precipitated with isopropand, rin- 
sed with ethanol and resuspended in sequencing loading dye. The sizes of the protected firagments were deter- 
mined by dectrophoresis on 6 % acrylamide-uiea sequencing gels. 

25 Example 11: Primer Extension 

The primer was end-labeled using ^^p^ATP (6000 Ci/mMole) (Amersham) and poiynudeotide kinase. Met- 
raux et al., PNAS USA 86:846-900 (1989). 30 ^g of root total RNA were mixed with 0.01 pmole of primer in 20 
ul of reveise transcriptase buffer (50 mM Tris pH7.5, 40 mM KCI, 3mM MgCIs)- "^^e mbdure was heated atSO^'C 

30 for 1 0 min, then slowly coded to 40^*0 for annealing, and hybridized for 4 hrs at 40^C. To each 20 ul reaction 
were added 30 ul of 6 mM DTT, 0.1 mg/ml BSA, ImM each of dATP, dCTP, dGTP and dTTP In reverse tran- 
scriptase buffer containing 100 Units of RNAsin (Promega) and 5 Units of AMV reverse transcriptase (BRL). 
Primer extension was canied out at 40''C for 60 min. The DNA/RNA hybrid was extracted once with 
phenolrchloroform and ethanol pridpitated in the presence of carrier DNA. The pellet was dissolved in sequeno- 

35 ing loading mix (deionized formamide containing 0.3 % xylene c^nd, 0.3 % bromophend blue and 0.37 % 
EDTA) and analyzed on a sequencing gel as above. 

Example 12: Mapping the Start of Transcription of the MT«Like Gene 

40 Using Mung Bean nudease mapping and primer extension, the start of transcription of the MT-lilce gene 
has been accurately mapped (Figure 6). For the Mung-bean mapping (Panel A), annealing was at 39^0. The 
ant)ws indicate at least three protected fragments, ranging in size from 85 to 95 bp in length. This would place 
the start of the mRNA between bp 85 and 98 of the Eco Rl-Pvu II sequence shown by the two arrows on panel 
C. In panel 6. pnmer extension products run with the sequence of the genomic done revealed four dustered 

45 start sites, topped with plus signs (+) in the sequence of panel C at positions 98, 99, 102 and 103. 

Example 13: Translation of the MT«Like mRNA 

The 5' untranslated leader is 70 to 75 nudeotides long. The first ATG Is found at position 173 of the sequ- 
50 ence in Figure 6 and there is a TATA box at position 67, that Is at -31 to -36 upstream of the different tran- 
scriptional start sites. The predicted protein encoded by the open reading frame Is 76 amino acids in length 
("8100 Kd), and tenninates with a UGA stop codon at the 77th position. The amino add sequence of this pre- 
dicted protein is shown in Figure 7, Panel A. 

55 ExampI 14: Identification f the pr teln needed by the tissue preferential gene 

The 8 Kd protein needed by th maiz MT-like gene was shown to have substantial homology to 
metallothlonein proteins after c mparison of its sequence with that of the pea metallothloneln-like sequence 
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recently described by Evans t al. (1989, in press) (Se Rgure 7). It has not y t b n demonstrated wh ther 
the maize MT-I9ce gene is induced by m tals. 

Exampte 15: Mapping of the tissuO'PrBferential gene promoter 

5 

The 5' flanking region of the maize MT4lkB gene was mapped up to 2.5 kb upstream of the ATG and sequ- 
enced (See the map of the 2.5 kb Hindlll-Pvull promoter fragment and its sequence In Figures 8 and 9, re- 
spectively). 

10 Example 1 6: Fusions of MT-like gene promoter sequence to the GUS gene to create a vector for 

stable plant transformation 

The 2S kb 5'-fkanklng regions of the MT-IIke gene was fused to the bacterial reporter gene for glucuroni- 
dase (GUS) In order to characterize the promoter of the MT-like gene in transgenic plants. The 2.5 kb Hindlll- 
15 ATG promoter fragment shown in F^ure 8 was fused to the GUS gene after insertion of a BamHI site at the 
ATG as described in Rgure 10. 

The resulting Hindlll-BamHI promoterfragment was then fused to the GUS gene in pBI101 , a binary vector 
system (Bevans) for stable plant transfontiation via Agrobacterium tumefaciens. resulting in plasmid pCIB1318 
(Figure 11). 

20 

Example 17: Stable transfonmatlon of pCIB1318 into tobacco using Agrobacterium vectors 

Agrobacterium strain containing the helper plasmid pCIB542 and plasmid pCIB1318 was used to transfonm 
tobacco leaf disks of four week old shoot tip cultures as described by Horsch et al. Science, 227: 1229-1231 
25 (1985) except that nurse cultures were omitted and selection was performed on kanamycni at 100 mg/liter. 
Transgenic tobacco plants were regenerated and the presence of transforming DNA was confmmed using PGR. 
Various parts of these plants were then assayed forGUS activity order to determine the pattern of expresskui 
of the GUS gene driven by the MT-like promoter sequence (in pCIB1318 transgenks plants). 

30 Example 18; Histochenrical Gus assays; 

Tissue transfonmed with pCIB1318 was incubated in assay mix (Jefferson, Plant Mol. Biol. Rptr,. 5: ) at 
26''G in the daric for 72 hours, then observed under a dissecting microscope for presence of blue color indicating 
GUS en^^e activity. Table 1 shows the results of these histochemical assays. pCIB1318 has been deposited 
35 on March 7, 1990, with ATCC and has been designated ATCC Accessk)n Number 40762. 

TABLE 1 

Number of Plants that test GUS positive 
40 (18 Plants Total) 

12/89 

Date Assayed -1/90 2^90 3/90 

45 

Root 7 10 

Stem 4 4 2 

so 

Leaf 2 0 0 

The The expiBsslon pattern of the GUS gen driven by the MT-like pronKsterfiragm nt shows some varia- 
55 baity, depending upon the transgenic plant examined. This may b xplained by the so-called position effect 
The position effe t hypothesizes that a prom ter-gene compiex wfll be expressed differently depending upon 
the location this compiex is integrated into a cell's genome. Another possible explanation is that gene reanrange- 
ments or deletions may have occurred. Finally, the age of the plant and their culture conditions may influence 
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the level of expression of the Chimeric gen . 
Depositions 

The plasmid pCiB1318 has been deposited on Febniary 28, 1990 with ATCC and has been designated 
ATCC Accession Number 40782. 

While the present Invention has been described with reference to specific embodiments thereof, it will be 
appreciated that numerous variations, modifications, and embodiments are possible, and accordingly, all such 
variations, modifications and embodiments are to be regarded as being within the spirit and scope of the present 
Invention. 



Claims 

1. A recombinant DMA sequence comprising a tissue-preferential promoter DIMA sequence obtainable from 
a maize plant 

2. The recombinant DNA sequence of dalm 1, wherein the tissue-preferential promoter DNA sequence is a 
root-preferential promoter DI4A sequence. 

3. The recombinant DNA sequence of daim 2, wherein the tissue-preferential promoter DNA sequence is 
obtainable from a metallothbneln-lilce protein gene. 

4. The recombinant DNA sequence of daim 3. wherein the tissue-spedfic promoter DNA sequence is obtain- 
able from a maize inbred plant 

5. The recombinant DNA sequence of daim 4, wherein the tissue-spedfic promoter DNA sequence is obtain- 
able from tiie maize Inbred line Funic 21 ID. 

6. A recombinant DNA sequence comprising a tissue-preferential promoter DNAsequence having substantial 
sequence homology fo ttie DiMA sequence of Rgure 9. 

7. A recombinant DNA sequence comprising a tissue- preferential promoter DNA sequence which Is obtain- 
able firom a naturally occuring DNA sequence encoding a metallotiilonetn-like protein. 

8. The recombinant DNA sequence according to any one of daims 1 ,6 and 7, wherein said tissue-preferential 
promoter DNA sequence is operably linked to a DNA coding sequence. 

9. The recombinant DNA sequence of daim 8, wherein the metallottiionein-like protein is maize metallottiio- 
nein. 

10. A recombinant DUA vector comprising a recombinant DNA sequence according to any one of daims 1 to 

g. 

11. The recombinant DNA vector of claim 10 wherein tiie vector is pClB1318 having the ATCC designation 
40780. 

12. A plant promoter derived from tiie recombinant vector of dalm 11. 

13. A transgenic plant comprising a tissue- preferential promoter DNA sequence. 

14. The transgenic plant of claim 13, wherein the tissue-preferential promoter DNA sequence is Isolated from 
amaiz plant 

15. A transgenic plant of daim 14, wherein tiie tissue- preferential promoter DNA sequence is a root-preferen: 
tial promoter. 

16. Thetransgenicplantof claim 15, whereinttie tissue-preferential prom terDNAsequenceisobtainableftom 
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a metallothion in-like protein gene. 

17. The transgenic plant of claim 16, wherein the m tall thionein-like protein is niaize metallothionein. 

18. The transgenic plant of claims 17, wherein the tissue- preferential promoter DMA sequence Is obtainable 
from a maize inbred plant 

19. The transgenic plant of daim 18, wherein the tissue- preferential promoter DMA sequence is obtainable 
from the maize inbred line Funk 21 1 D. 

20. A transgenic plant of claim 19, wherein the plant is a maize plant 

21. The transgenic plant of claim 19, wherein the plant is a tobacco plant 

22. A transgenic plant comprising a recombinant DNA sequence accofdlng to any one of claims 6 and 7. 
Claims for the following Contracting State:ES 

1. A process for the production of an plant expression vector containing a tissue-preferential promoter DNA 
oparabiy linked to a DNA expressible in plants which process comprises 

(a) inserting said tissue-preferential promoter DNA in front of the DNA expressible in plants; and 

(b) splicing this construct in correct reading frame into a known plant expression vector which may con- 
tain one or more ntarker genes suitable for transfonmant selection. 

2. A process for the production of a transgenic plant capable of expressing a honnologous or heterologous 
gene in greater abundance in a well-defined tissue of the plant which process comprises transforming saki 
plant, plant tissue, plant cells or plant protoplasts thereof by a known transfonnatton technique which uses 
a recombinant DNA sequence comprising a tissue-preferential pronrK)ter DNA sequence obtainable from 
a maize plant ora DNA sequence that is substanUally homologous to said tissue-preferential promoterDNA 
sequence and optionally regenerating the transformed plant from said Iransfonmed plant material. 

3. The process according to claim 2, wherein the transfonnation method is selected from the group consisting 
of 

(a) direct infection or co-cultivation of plants, plant tissue, plant cells or plant protoplasts with transfor- 
med Agrobacterium tumefaclens capable of transferring a homologous or heterologous gene express- 
ible in plants and operably linked to a tissue-preferential promoter DNA into said plant material; 

(b) dlrecX transfer of a DNA comprising homologous or heterologous gene expressible in plants and 
operably linked to a tissue-preferential promoterDNA into plant protoplasts; 

(c) transfer of microprojectiles coated with a DI^ comprising homologous or heterologous gene exp- 
ressible in plants and operably linked to a tissue-preferential promoter DNA via bombardement of plants, 
plant tissue , plant cells or plant protoplasts; 

(d) microinjectKXi of a DNA comprising homologous or heterologous gene expressible in plants and 
operably linked to a tissue-preferential promoter DNA into plants, plant tissue , plant cells or plant pro- 
toplasts; and 

(e) injection of a DNA comprising homologous or heterologous gene expressible In plants and operably 
linked to a tissue-preferential promoter DNA into meristematic tissues of seedlings or of plants. 

4. The process according to any one of daims 1 to 3. wherein the tissue-preferential promoter DNA sequence 
is a root-preferential promoter DNA sequence. 

5. The process according to daim 4, wherein the tissue-preferential promoter DNA sequence is obtainable 
' from a metallothionein-like protein gene. 

6. The process according to daim 5, wherein the tissue-specific promoter DNA sequence is btainable from 
amaiz inbred plant 

7. The process according to daim 6, wherein the tissue-specific promoter DNA sequence is obtainable from 
the maize inbred line Funk 21 ID. 
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8. The process according to any one of dalms 1 to 3, wherein the tissue-preferential promoter DMA sequence 
has substantial sequence honru)logy to the DNA sequence of Figure 9. 

9. The process according to any one of claims 1 to 3, wherein the tissue-preferential promoter DNA sequence 
is obtainable from a naturally occuring DNA sequence encoding a metallothionein-lil<e protein. 

10. The process according to claim 9, wherein the metallothionein-13ce protein is maize metallothionein. 

11. The process according to daim 1, wherein the resulting recombinant DNA vector is pCIB1318 having the 
ATCC designation 40780. 

12. A process acccording to daim 2, wherein the transfonned plant is a tobacco or a maize plant 
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Fig.l 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig.5 

ATTCTTCAAG AGATCGAGCT TCTTTTGCAC CACAA6GTCG AGG ATGT CTT 0050 

llllllilll lillililil lliillllll liilllllll illllllill 
ATTCTTCAAG AGATCGAGCT TCTTTTGCAC CACAAGGTCG AG GATGT CTT 2571 

GCAGCTGCGG ATCA2U3CT6C GGCTGCGGCT CAAGCTGCIUI 6T6CG 0095 

llllllllil llllllilll llllllilll llllllilll llllllilll 
GCAGCTGCGG ATCAAGCT6C GGCTGCGGCT CAl^CTGCAA GTGCGGGTAA 2621 

, . • 175 bp intron • • . 

GCAAGAAGT ACCCTGACCT GGAGGAGACG 0124 

llllllilll llllllilll llllllilll llllllilll llllllilll 
ATTTGCGCGC TGTCCTTTTC AGCAAG2UIGT ACCCTGACCT GGAGGAGACG 2821 

AGCACCGCCG CGCAGCCCAC CGTCGTCCTC GGGGTGGCCC CGGAG21AGAA 0174 

llllllilll llllllllli lillililil lliiillili lillllilM 
AGCACCGCCG CGCAGCCCAC CGTCGTCCTC GGGGTGGCCC CGGAGAAGAA 2871 

GGCCGCGCCC GAGTTCGTCG AGGCCGCGGC GGAGTCCGGC GAGGCCGCCC 0224 

Mllllllll llllllilll llllllilll llllllilll Illllllill 
GGCCGCGCCC GAGTTCGTCG AGGCCGCGGC GGAGTCCGGC GAGGCCGCCC 2921 

ACGGCTGCAG CTGCGGTAGC GGCTGCAAGT GCGACCCCTG CAACTGCTGA 0274 

llllllilll lillililil illllllill illllllill llllllilll 

ACGGCTGCAG CTGCGGTAGC GGCTGCAAGT GCGACCCCTG CAACTGCTGA 2971 

TCACATCGAT CGACGACCAT GGATATGATT ATTATCTATC TAGCTTGTGG 0324 
lilillllil llllllilll llllllilll llllllllil lillililil 
TCACATCGAT CGACGACCAT GGATATGATT ATTATCTATC TAGCTTGTGG 3021 

TGGTGGTTGA ACAATAATAA GCGAGGCCGA GCTGGCTGCC ATACATAGGT 0374 
llllllilll llllllilll llllllllil lllillilll liillllll 
TGGTGGTTGA ACAATAATAA GCGAGGCCGA GCTGGCTGCC ATACATAGGT 3071 
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Continuation of Fig. 5 



ATT6TGTG6T 6T6TGT6T621 AACAG&GTTC TTOkCTTTGC 0424 

llllllilll tilllillll IMIIlllll lillllllll illlllllll 
ATTGTGTGGT GTGTGTGTGA 62k6AG2U3A6A AACAGAGTTC TTC2U3TTT6C 3121 

TATCTCTCTC TGCATGTTT6 GCGTCAGTCT TTGTGCTCAT GTACGTGTGT 0474 

Illlllllll Illlllllll Illlllllll lllllllill IMIIlllll 
TATCTCTCTC TGCATGTTT6 GCGTCAGTCT TTGTGCTCAT GTACGTGTGT 3171 

CTACATGCAT GTTGGTTGAT CCGATTGC6T CTGCTGTAAC CATATATTAA 0524 

litlNlltl IIIIIIMII lltlllilil iilllllill liillllMi 
CTACATGCAT 6TTGGTTGAT CCGATTGCGT CTGCTGTA2^ CATATATTAA 3221 

TT6GTCCACG ATGARATGAT TTGATACTAT ATATATATAC TAZUUICCGGA 0574 
Illlllllll Illlllllll Illlllllll Illlllllll Illlllllll 
TTGGTCCACG ATGARATGAT TTGATACTAT ATATATATAC TAAAACCGGA 3271 

CTTATT 0580 
illlll 

CTTATT 3277 
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Fig. 6A 

MB Units 
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Fig.6B 
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Fig.6 C 



TATGGCGT66 TGACAC66C6 CGTTGCCCAT ACATCAT6CC TCCATCGATG 0050 

. t t++ 

ATCCASCCTC ACTTGCfTATA AlLMVSl^TG TCXrATGGTGC TCAAGCTCAS 0100 



CCAAGCAJakX AAGAC6ACTT 6TTTCATTGA TTCSTCAAGA GATCG&GCTT 0150 



CTTTTGCACC ACAAG67C6A GQATdTCTTG CA6 0183 
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Fig. 7 A 

Corn Met Ser . . . Cys Ser Cys Gly Ser Ser Cys Gly Cys Gly 12 

II I I I i I I II 

Pea Met Ser Gly Cys Gly Cys Gly Ser Ser Cys Asn Cys Gly 13 



Corn Ser Ser Cys Lys Cys Gly Lys Lys Tyr Pro Asp Leu Glu 25 

I I I I I I 

Pea Asp Ser Cys Lys Cys Asn Lys Arg Ser Ser Gly Leia Ser 26 



Corn Glu ThrSerThr Ala Ala Gin Pro Thr Val Val Leu Gly 38 

II II 
Pea Tyr Ser Glu Met Glu Thr Thr Glu Thr Val He Leu Gly 39 



Com Val Ala Pro Glu Lys Lys Ala Ala Pro Glu Phe Val Glu 51 

III I 
Pea Val Gly Pro Ala Lys He Gin Phe Glu Gly 49 



Com Ala Ala Ala Glu Ser Gly Glu Ala Ala His Gly Cys Ser 64 

I I I 

Pea Ala Glu Met Ser Ala Ala Ser Glu Asp Gly Gly Cys Lys 62 



Corn Cys Gly Ser Gly 
I I 

Pea Cys Gly Asp Asn 



Cys Lys Cys Asp Pro 

I ill 
Cys Thr Cys Asp Pro 



Cys Asn Cys ... 76 

1 I I 
Cys Asn Cys Lys 74 
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Corn 
Pea 

Equine MT-lA 
N. crassa 



. • • Ser Cys 
Ser Gly Cys 
Cys Ser Cys 
Cys Gly Cys 



Fig. 7B 

Ser Cys Gly 
Gly Cys Gly 
Pro Thr Gly 
Ser Gly Ala 



Ser Ser Csy 08 
Ser Ser Cys 09 
Gly Ser Cys 09 
Ser Ser Cys 09 



Corn 
Pea 

Equine HS-IA 
N. crassa 



Gly Cys Gly 
Asn Cys Gly 
Thr Cys Ala 
Asn Cys Gly 



Ser Ser Cys 
Asp Ser Cys 
Gly Ser Cys 
Ser Gly Cys 



Lys Cys 16 

Lys Cys 17 

Lys Cys 17 

Ser Cys 17 



Com 
Pea 

Equine MT-IA 
N. crassa 



Cys Ser Cys 
Cys Lys Cys 
Cys Thr Cys 
C^s Asn Cys 



Fig. 7C 

Gly Ser Gly 
Gly Asp Asn 
Ala Gly Ser 
Gly Ser Gly 



Cys Lys Cys 09 
Cys Thr Cys 09 
Cys Lys Cys 09 
Cys Ser Cys 09 



Com Asp Pro Cys 

Pea Asp Pro Cys 

Equine MT-IA Lys Glu Cys 

N. crassa Ser Asn Cys 



Asn Cys 14 

Asn Cys 14 

Arg Cys 14 

Gly Ser 14 
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Fig. 8 



HIND-PVUII 2580bp 

2500 bp 



ATG 

HN HP NA BS NE EC NC PV 

i I I 1 I I I_l 

1...., I ,....! , L..,....,....,....,....,....L..,........„....,....I.... 

500 1000 ISOO 2000 2500 
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Fig. 9 



JUUSCTTGOIC ATGACAACAA TT67AAGAG6 AT6621G2^GA CA2kC6ATCCA 50 
ACJUHTACTTC T6CGAC6GGC T6T6AA6TAT AGAGlUluSTTA JU^GCCXAAA 100 
AGCCATT6T6 TTTGGAATTT TTAGTTATTC TATTTTTCAT GATGTATCTT 150 
CCTCTAACAT GCCTTAATTT GCAAATTTGG TATAACTACT GATTGAAAAT 200 
ATATGTATGT AAAAAAATAC TAAGCATATT TGTGAAGCTA AACATGATGT 250 
TATTTAAGAA AATATGTTGT TA2^62UITA AGATTAATAT CGAAATGGAA 300 
ACATCTGTAA ATTAGAATCA TCTTACAAGC TAAGA6ATGT TCACGCTTTG 350 
AGAAACTTCT TCAGATCATG ACC6TAGAAG TAGCTCTCCA AGACTCAACG 400 
AA6GCTGCTG CAATTCCACA AATGCATGAC ATGCATCCTT GTAACCGTCG 450 
TCGCCGCTAT AAACACGGAT AACTCAATTC CCTGCTCCAT CAATTTAGAA 500 
ATGA6CAA6C AAGCACCCGA TCGCTCACCC CAITATGCACC AATCTGACTC 550 
CCAl^TCTCT GTTTCGCaiTT AGTACCGCCA GCACTCCUMJC TATAGCTACC 600 
AATTGAGACC TTTCCAGCCT AAGCAGATCG ATTGATCGTT AGAGTCAAAG 650 
AGTTGGTGGT ACGGGTACTT TAACTACCAT GGAATGATGG GGCGTGATGT 700 
AGAGCGGAAA GCGCCTCCCT ACGCGGAACA ACACCCTC6C CATGCCGCTC 750 
GACTACAGCC TCCTCCTCGT CGGCCGCCCA CAACGAGGGA GCCCGTGGTC 800 
GCAGCCACCG ACCAGCATGT CTCTGTGTCC TCGTCCGACC TCGACATGTC 850 
ATGGCAAACA GTCGGACGCC AGCACCAGAC TGAC6ACATG AGTCTCTGAA 900 
GAGCCCGCCA CCTAGAAAGA TCCGAGCCCT GCTGCTGGTA GTGGTAACCA 950 
TTTTCGTCGC GCTGACGCGG AGAGCGA6AG GCCA6AAATT TATAGCGACT 1000 
GACGCTGTGG CA6GCACGCT ATCGGAGGTT ACGACGTGGC GGGTCACTCG 1050 
ACGCGGAGTT CACAGGTCCT ATCCTTGCAT CGCTCGGGCC GGAGTTTACG 1100 
GGACTTATCC TTACG21CGTG CTCTAAGGTT GCGATAACGG GC6GAGGAAG 1150 
GCGTGTGGC6 TGCG621GACG 6TITATACAC GTAGTGTGCG GGAGTGTGTT 1200 
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TCGTAGACGC GGGAAAGCAC GACGACTTAC GAAGGTTAGT GGAGGAGGAG 1250 
GACACA.CTAA AATCAGGIUJG CAAfiAAACTC TTCTATTATA GTAGTAGAGA 1300 
AGAfiATTATA GGAGTGOJGGG OT6ATTCTAA AGAAAATCGA CGCAGGACAA 1350 
CCGTC2UVAAC GGGTGCTTTA ATATAGTAGA TATATATATA TAGA6A6AGA 1400 
GAGZJU^TAC AAAGGATGCA OTTGTGTCTG CAHATGATCG GAGTA3CTACT 1450 
AACGGCCGTC GTAAGAAGGT CCATCATGCG TGGAGCGAGC CCATTTGGTT 1500 
G6TTGTCAGG CCGCAGTTAA GGCCTCCATA TATGATTGTC GTCGGGCCCA 1550 
TAACAGCATC TCCTCCACCA GTTTATTGTA AG2UITAAATT AAGTAGAGAT 1600 
ATTTGTCGTC GGGCAGAAGA AACTTGGACA AGAAGAAGAA GCAAGCTAGG 1650 
CCAATTTCTT GCCGGCAAGA GGAAGATAGT GGCCTCTAGT TTATATATCG 1700 
GCGTGATGAT GATGCTCCTA GCTAGAAATG AGAGAAGAAA AACGGACGCG 1750 
TGTTTGGTGT GTGTCAATGG CGTCCATCCT TCCASCAGM CAGA21CGAT6 1800 
AAA2UW3TCAA GCACGGCATG CATAGTATAT GTATAGCTTG TTTTAGTGTG 1850 
GCTTTGCTGA GACGAATGAA AGCAACGGCG GGCATA3TTT TCAGTGGCTG 1900 
TAGCTTTCA6 GCTGAAAGAG ACGTG6CATG CAATAATTCA GGGAATTCGT 1950 
CAGCCAATTG AGGTAGCTAG TCAACTTGTA CATTGGTGCG AGCAATTTTC 2000 
CGCACTCAGG AGGGCTAGTT TGAGAGTCCA AAAACTATAG 6AGATTAAAG 2050 
AGGCTAAAAT CCTCTCCTTA TTTAATTTTA AATAAGTAGT GTATTTGTAT 2100 
TTTAACTCCT CCAACCCTTC CGATTTTAT6 GCTCTCAAAC TAGCATTCA6 2150 
TCTAATGCAT GCATGCTTGG CTAGAGGTCG TATGGGGTTG TTAATAGCAT 2200 
AGGTAGCTAG AAGTTAACCG GGTCTTTTAT ATTTAATAAG GACAGGCAAA 2250 
GTATTACTTA C2^TAAAGA ATAAAGCTAG GACGAACTCG TGGATTATTA 2300 
CTAAATCGAA ATG6ACGTAA TATTCC216GC AAGAATAATT GTTCGATCAG 2350 
GAGACAl^TG GGGCATTGGA CCGGTTCTTG CAAGCAAGAG CCTATGGCGT 2400 
GGTGACACGG CGCGTTGCCC ATACATCATG CCTCCATCGA TGATCCATCC 2450 
TCACTTGCTA_TAAAAAGAGG TGTCCATGGT GCTCAAGCTC AGCCAAGCAA 2500 
ATAAGACGAC TTGTTTCATT GATTCTTCAA GAGATCGAGC TTCTTTTGCA 2550 
CCACAA6GTC GAG GATGT CT TGCAGCTGCG GATCAAGCTG CGGCTGCGGC 2600 
TCAAGCTGCA AGTGC GGGTA ATATATAATA ATATATAAGT GCACCGTGCA 2650 
TGATTAATTT CTCCAGCCTT CTTCTTGTCT TGTCTAGT T3V ATTTCCCTTC 2700 
TTTATTTATT TTTTCCATTG CA2UACAAAC AAACAAAAAA CAAAGTTAAT 2750 
CTGGATCGAG TAGTTCAATC CATTTGCGCG CTGTCCTTTT CAG CAAGAAG 2800 
TACCCTGACC TG6AGGAGAC GAGCACCGCC GCGCAGCCCA CCGTCGTCCT 2850 
CGGGGTGGCC CCGGAGAAGA AGGCCGCGCC CGAGTTCGTC GAGGCCGCGG 2900 
CGGAGTCCGG CGAG6CCGCC CACGGCTGCA GCTGCGGTAG CGGCTGCAAG 2950 
TGCCACCCCT GCAACTG CTG AT CACATCGA TCGACGACCA TGGATATGAT 3000 
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TATTATCTAT CTAGCTTGTG 6TGGTGGTTG AACAATAATA AGCGAGGCCG 3050 
A6CTCGCTGC CATACATAGG TATTGT6TGG TGTG76T6TG AGAGA6A6AG 3100 
AAACAGAGTT CTTCAGTTTG CTATCTC7CT CTGCATGTTT GGCGTCASTC 3150 
TTTGTGCTCA T6TAC6TCTG TCKftCATGCA T6TT66TTGA TCCGAZTGC6 3200 
TCTGCT6TAA CGA!3fA!FATTA ATTG6TCCAC GATG2UCAT6A TTTGATACTA 3250 
^lATATATATA CTAAAACCG6 ACTTATTAXA ASACTTGTAG 7AXATAAGTT 3300 
TCTTAC6COG CAA3TGAXC6 ATTCAGAACG AA6GA6TTCT AGCTAGCTAA 3350 
AACATGCAGA TTCASAAHTAT CA6AXTTTAC GACTACTGGA GGACAAGASWT 3400 
ATTTCACTGT CACCAAACTA AAATCCACTT 6TTCAAATCT TCAGACGCC6 3450 
TGTATGATCG AACCACCACT T76TACTGTA TATCCTAGTA TCTATACAAA 3500 
TATGGATCC 3510 
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Fig. 10 



Hindm 
< 



Ncol 



ATG 



Pvun 



NcoI-BamHI cassette 
synthesized by PCR 
Ncol Bamm 



GGATGTC 



GGATCC 



Mutagenic oligo 
used for PGR 

i 

GGATCC 
GGATGT 
i 

Original DNA 
sequence 

NcoI-PvuH £ragment deleted and replaced by NcoI-BamHI casette 

^ / 

Hindin Ncol BamHI 
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Fig. 11 



14650 
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